We compute the branching ratio and forward-backward asymmetry (A F B ) distribution for the rare dileptonic decay B → K * µ + µ − for the full range of q 2 , the dimuon mass squared, region. For the required form factors, we use nonperturbative inputs as predicted by the anti-de Sitter (AdS)/QCD correspondence. When using the Breit-Wigner model with momentum-dependent decay constants to account for the ψ and ψ resonance effects in the nonresonance region of the spectrum, we find our predictions to be in better agreement with the experimental data for the branching ratio.
I. INTRODUCTION
The rare decay B → K * µ + µ − has recently been attracting much attention from both the experimental [1] [2] [3] [4] [5] [6] [7] [8] [9] and theoretical [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] sides due to the various observables associated with this decay that are susceptible to reveal new physics (NP). In particular, reference [11] has brought to light an overall tension between the Standard Model predictions and the experimental data and has suggested that a modification to the C 7,9 Wilson coefficients could resolve this tension.
To investigate signals of NP, one usually focuses on the region of the spectrum away from ψ and ψ resonances where short-distance (SD) interactions, as represented by Figs.
1(a) and 1(b), are dominant. Experimentally, the q 2 region around the above two resonances are subtracted from the dileptonic spectrum. However, a careful analysis of B → K * µ + µ − observables should consider the long-distance effects of the resonances in the SD dominated region. In this paper, we take into account the narrow resonance effects in the nonresonance region when calculating the differential decay rate and the forwardbackward asymmetry in this decay. In doing so, we use a Breit-Wigner model for the resonances with momentum-dependent decay constants [22] . We note that the latter model fits the data on photoproduction and leptonic width of ψ and ψ simultaneously [23] , is used for exclusive B → K * µ + µ − for the first time. The effects of broad resonances, using quark hadron duality, are considered in Ref. [18, 24] .
In a previous paper [25] , we have computed the full set of 7 independent B → K * transition form factors. At low-to-intermediate q 2 , we used light-cone Sum Rules with AdS/QCD distribution amplitudes (DAs) [26] . These DAs are derived from the holographic AdS/QCD light-front wavefunction for K * [27, 28] . We have fitted these with form factor predictions at high q 2 from lattice QCD . In this work, the same method for the derivation of the form factors with updated inputs (B meson decay constant f B and b-quark mass m b ) are used to calculate the differential branching ratio and forward-backward asymmetry in
We find that including the resonance effects improves the agreement of our predictions with the LHCb data [1] and the latest CMS data [9] on the differential branching ratio.
As for A F B , it seems that the inclusion of the resonances hardly changes our prediction for dimuon mass squared below the first resonance. Finally, we find that a negative shift in the 
Wilson coefficient C 9 enhances the agreement with the data for the differential branching ratio and the A F B at q 2 below the first cc resonance.
II. DIFFERENTIAL BRANCHING RATIO WITH RESONANCES
In our previous paper [25] , we calculated the differential branching ratio for which, using the Breit-Wigner model, can be written as [29, 30] :
where C 1 and C 2 are the Wilson coefficients corresponding to the current-current operators O 1 and O 2 evaluated at scale µ ∼ m b and f ψ ( ) and Γ ψ ( ) are the decay constant and total width of the cc resonance ψ ( ) , respectively. We use the same convention for the effective operators as in reference [31] and the following definition for vector meson decay constant:
Since ψ and ψ resonances are off mass-shell for q 2 different from m
we need to consider the q 2 -dependence of their decay constants [22] : with the h function being related to the imaginary part of the quark-loop diagram:
where r = q 2 /4m
q . m q is the effective quark mass and assuming that the vector mesons are weakly bound systems of a quark and an antiquark, we take m q = m V /2.
As a result, Eq. 4, defined for 0 < q 2 < 4m 2 q , is an interpolation of f V from the experimental data on f V (0) (from photoproduction) and f V (m 2 V ) (from leptonic width) based on a quarkloop diagram. We assume
The numerical values of the parameters c V and d V in Eq. 3 are given in Tab. I [22] .
The resonance contributions C res 9
augments the short-distance contributions C eff 9 in the effective Hamiltonian:
The minus sign in Eq. 5 is due to our choice of convention for the Wilson coefficients. The real and imaginary components of C tot 9 as a function of q 2 are shown in Fig. 2 . To calculate the differential branching ratio including the resonance contributions, one should replace C eff 9 by C tot 9 in the differential branching ratio expression given in Ref. [25] . As for the 7 form factors which parametrize the B → K * transition, they are calculated using AdS/QCD DAs [25] in conjunction with light-cone sum rules at low to intermediate
For high q 2 values, we use the latest lattice data for B → K * transition form factors [32] . Note that we use the lattice results reported under ensemble f0062 as they correspond to finer lattice spacing. We use the following two-parameter form to fit the form factors obtained from AdS/QCD at low-to-intermediate q 2 and the lattice data at high q 2 :
The updated values for F (0), a and b are given in Tab. II. Our prediction for the differential ). In the middle and right figures, the solid and dashed curves correspond to utilizing momentum-dependent and momentum-independent decay constants, respectively. branching ratio including the effects of the resonances ψ and ψ as obtained by using the above form factors is shown in Fig. 3 where we compare with the latest data from LHCb [1] and CMS [9] . Our numerical results are calculated with the input parameters given in Tab. III and the Wilson coefficients tabulated in Tab. IV. Fig. 3 clearly shows the effect of including resonances with the momentum-dependent decay constant on our prediction of the differential branching ratio. 
data. Note that this plot is qualitative and our predictions for each experimental bin for this observable are shown in Tab. V in Appendix A.
III. FORWARD BACKWARD ASYMMETRY
The forward-backward asymmetry distribution in dileptonic rare B → K * µ + µ − decay is defined as:
where θ is the angle between the positive muon and the line of flight of K * in the µ + µ − rest frame. This distribution to next-to-leading order(NLO) accuracy in α s is given by [31] :
where Φ K * ,⊥ is the transverse twist-2 DA for K * . The NLO contribution in Eq. 8 is directly sensitive to this DA and therefore it would be interesting to examine its relative significance.
Our prediction for A FB distribution is given in Fig. 4 in which the latest data points from LHCb, including the zero-crossing point q 2 0 = 3.7
, and CMS [9] are shown as well.
IV. RESULTS
The AdS/QCD predictions for the B → K * µ + µ − differential branching ratio are shown in Fig. 3 . We can see that the resonance effects are significant and improve the agreement with the experimental data for q 2 regions above m is dominated by the uncertainty in A 2 lattice calculations. Fig. 5(a) shows our prediction for the differential branching ratio when we assume a momentum-independent decay constant for ψ and ψ (dashed curve). We note from this graph that the only significant difference occurs at q 2 below the first resonance. As is the case for the inclusive B → X s + − [22] , assuming momentum-dependent decay constants leads to better agreement with the experimental data for small q 2 . Fig. 5(c) , on the other hand, shows our predictions for the differential branching ratio when additional NP contributions are added to the Wilson coefficients C [33], produces better agreement with the data, especially at high q 2 . In Fig. 5 (e), we compare our predictions with those obtained from sum rules (SR) DAs. It seems that AdS/QCD DAs produce results generally lower than those obtained from SR DAs [34] , especially for larger q 2 . The predictions for each experimental bin for this observable are shown in Tab. V in the Appendix.
Our predictions for A F B are shown in Fig. 4 . First, we observe that the leading-order predictions miss all but one of the experimental data points as well as the zero-crossing point. Second, as pointed out in Ref. [31] , the inclusion of NLO contributions leads to a significant shift to the zero-crossing point (of order 30%) and an overall better agreement with the most recent data on A F B below the first resonance. We observe that the inclusion of the two resonances does not have any noticeable effects for this observable outside the resonance regions. Consequently, as shown in Fig. 5(b) , assuming momentum-independent decay constants for ψ and ψ does not change our predictions significantly. On the other hand, assuming the NP contributions C 
V. CONCLUSION
We used the form factors and DAs as predicted by the AdS/QCD correspondence as well as taken into account the possible cc resonance contributions to give predictions for the TABLE III Numerical values of the input parameters used in our calculations. We use the next-to-next-to leading order evolution for the strong coupling constant α s which can be found in the Appendix of Ref. [37] . We also present the values of the 10 Wilson
Coefficients at scale µ = m b in Tab. IV. The complete set of equations used to obtain these values have been collected in the appendix of Ref. [38] . 
